Transportation noise is a main source of noise pollution. It is assumed that it consists of recognizable noise events which come from moving aircrafts, trains and boats. The noise of an isolated sound event is assessed by the sound exposure level, LAE. Much legislation and many regulations and guidelines employ the A-weighted time-average sound level, LAeq,T , with the time interval T of one hour or longer. LAE measurements enable an approximation of LAeq,T . The key point is the uncertainty of this approximation. It has been shown that an increase in the number of LAE categories brings about a decrease in uncertainty. For illustrative purposes, LAE measurements of aircrafts taking off and landing were carried out.
Introduction
Noise pollution due to transportation (e.g. aircraft noise) has increased over recent years (Babisch, 2007; Murphy, 2009; Pirrera, 2010) . To quantify noise, much legislation and many regulations and guidelines employ the A-weighted time-average sound level, L Aeq,T , with the time interval T of one hour or longer (Survey, 2009; ANSI, 1960; ISO, 2003) . Sometimes, transportation noise is composed of discrete sound events, such as aircraft operations train-and boatpass-bys (Fig. 1) . The noise of an isolated sound event is measured in terms of the sound exposure level, L AE . Due to differences in noise generation and propagation the measured values of L AE are not identical, so their categorization is possible. The grouping of aircraft operations into take offs and landings is the simplest example (Sec. 3). 
Here q expresses the number of L AE measurements. The empirical mean ε , and the variance, σ 
In Secs. 3 and 4 the generalization of Eq. (1), for two-and more categories, is derived. The new uncertainty is less than σ L (Eq. (1)). This is an important result, because any decrease in the uncertainty enhances the reliability of L Aeq,T approximation. For illustrative purposes, aircraft noise measurements were carried out. Nevertheless, the results of this study can be used for any type of noise which is composed of recognizable noise events (Fig. 1 ).
One category of noise events
Taking into account Q noise events within the time interval T , the combination of definitions of L Aeq,T and L AE yields the exact value of the Aweighted time-average sound level (ANSI, 1960; IS0, 2003; Makarewicz, 2008) L Aeq,T = 10 log
where
is the j-th sound exposure level. With the time pattern of the A-weighted squared sound pressure for the j-th event, p 2 Aj (t) (Fig. 1) , the integral
brings about the event sound exposure. The exact mean of the event sound exposure is,
where Q denotes the exact number of noise events within the time interval T . Consequently, the exact value of A-weighted time-average sound level (Eq. (3)) can be rewritten as,
Suppose that q < Q measurements of the sound exposure level,
is representative, i.e. encompasses all possible conditions of sound emission and propagation. Thus the empirical mean of the event sound exposure (Eq. (6)),
yields the empirical and representative value of the Aweighted time-average sound level (Eq. (7)),
Note that the variations in noise generation and propagation could lead to different samples of L AE (Eq. (8)). For such virtual samples one gets virtual means (Eq. (9)), ε 1 , . . ., ε i , . . ., ε n , and then virtual A-weighted time-average sound levels (Eq. (10)),
which are calculated from,
Note that the number of noise events, Q, within the time interval T , remains constant. Now, introducing the identity, ε i = ε + ε i − ε , with the empirical mean ε (Eq. (9)), and applying approximation, log(1 + x) ≈ x/ ln(10), we arrive at (Eqs. (10), (12)),
Consequently, Eqs. (11) and (13) imply that the mean of the virtual A-weighted time-average sound levels, L
Aeq,T , comes near to the empirical A-weighted timeaverage sound level,
On the other hand, L Aeq,T (Eq. (10)) is representative for all possible conditions and approximates the exact A-weighted time-average sound level (Eq. (3)),
The uncertainty of the above approximation estimates the standard deviation, σ L , defined by (Cremer, 1999),
and the combination of Eqs. (2), (4), (13) and (16) leads to the well known formula (1).
Example 1. L AE measurements of aircraft operations were performed in the vicinity of a one runway airport. To the more instructive we disregard differences between aircraft types, flight profiles, meteorological conditions, etc., and assume one category of noise events. The sample of the measured sound exposure levels, . For the number of measurements q = 16, formula (1) yields the uncertainty, σ L = 1.5 dB, of the A-weighted time-average sound level approximation (15).
Two categories of noise events
This section shows that the splitting of the measurement sample of q elements (Eq. (8)) into two subsamples
with q 1 + q 2 = q, decreases standard deviation,σ L < σ L . In order to find the new value ofσ L , we employ two categories of noise events. For the actual number of noise events, Q = Q 1 + Q 2 , the exact A-weighted time-average level takes the form (Eqs. (3), (7)),
where the exact means of the event sound exposures are,
To determine estimations, ε 1 ≈ ε 1 , and ε 2 ≈ ε 2 , the measurements of L
AE and L
AE for both categories (Eq. (17)), have to be performed. The empirical means, ε 1 ; ε 2 , second moments, ε 
Example 2.
In the vicinity of the one runway airport (see Example 1), L AE measurements of noise produced during take off and landing were carried out: With q 1 = q 2 = 8 the characteristics of ε 1 and ε 2 , are as follows (Eq. (2)):
The approximation of the exact A-weighted time average sound level for two categories of sound events is, L Aeq,T ≈L Aeq,T (compare with Eq. (15)), wherȇ
Here the empirical means, ε 1 and ε 2 , come from measurements of L
AE , respectively (Eq. (17)). However, variations in noise generation and propagation could lead to different means,
and different values of the virtual A-weighted time average sound level,
Aeq,T = 10 log
As in Sec. 2, now we apply the empirical means ε 1 ; ε 2 (Eq. (2), Example 2), and write identities for the virtual means of the first and the second category of noise events, 
The levelL Aeq,T (Eq. (20)) expresses the mean of the above levels, L 
With some calculations the above Eqs. (24) and (25) combine into the new variance for two categories of noise events,
For the same number of noise events in both categories, Q 1 = Q 2 = Q/2, and the same number of L AE measurements, q 1 = q 2 = q/2, the above relationship translates into,
If the differences between two categories of noise events disappear (e.g. L AE measurements of train noise far away from the double-track railway), then σ ε1 ≈ σ ε2 and ε 1 ≈ ε 2 . Ultimately, Eqs. (1) and (27) yield identical standard deviations, σ L =σ L , as expected. Table 2 contain σ L (classic standard deviation for one category sound events -Eq. (1)) andσ L (the new standard deviation for two categories of sound events, Eq. (27)). Note that in each case,σ L < σ L ( Table 2) . 
Many categories of noise events
From the measured sound exposure levels of noise events which pertain to the i-th category
one gets the empirical mean, second moment, and variance of the event sound exposures (Eq. (2)),
The exact A-weighted time average sound level, L Aeq,T (Eq. (3)), is approximated by the empirical A-weighted time average sound level, 
If all noise events belong to a single category,
. ., and Q 2 = 0, . . . , Q k = 0, then Eq. (30) and (31) describe the case of one category of sound events, which is quantified by Eqs. (1), (2) and (7), (10).
Conclusions
Equation (31) is the key result of this study. Without categorization of noise events, the a priori knowledge of the number of noise events Q (within the time interval T ), and q measurements of the sound exposure level, L AE (Eq. (8)), enables the approximation of the A-weighted time-average sound level as follows (Eqs. (2), (3), (10)):
The well-known relationship given by Eq. (1) defines its uncertainty, σ L . A few noise event categories, with
AE , . . ., etc., leads to the approximation (Eqs. (2), (3), (30)):
with the uncertainty σ * L (Eq. (31)). Here the actual number of noise events -Q, and the number of L AE measurements -q meet the conditions: Q 1 +Q 2 +. . . = Q and q 1 +q 2 +. . . = q. The approximation (33) is more reliable than the approximation (31) due to inequality, σ * L < σ L (Eqs. (1), (31) ). The presented above results are applicable, when nose events are clearly recognizable.
Appendix: Two categories versus one category
To clarify the difference between uncertainties for one sound event category and two sound events categories (Eqs. (1), (26)), first we apply the classis formula (1) for the sample of event sound exposures, ε 1 , . . ., ε q . Then, calculating ε , ε 2 and σ 2 ε we take into account that this sample consists of two subsamples: q/2 elements belong to the first category and the remaining q/2 elements to the second category of noise events. Accordingly, we get the mean and the second moment of ε:
Then variance, σ 2 ε = ε 2 − ε 2 , takes the form,
and combination with classic equation (1) brings about the uncertainty of L Aeq,T approximation,
Note that σ L is expressed in terms of σ ε1 ; σ ε2 ; ε 1 ; ε 2 , though the summation in Eqs. (35) and (36) runs over q elements, as it would be only one category of noise events. On the other hand, the varianceσ L , for two noise event categories and the same number of events and measurements (Q 1 = Q 2 = Q/2, q 1 = q 2 = q/2), is given by Eq. (28). Mindful of Eqs. (37) and (28) one arrives at the ratio of the classic and new variances,
To grasp the meaning of this relation, suppose ε 1 and ε 2 are distributed with large variances, σ 2 ε1 ; σ 2 ε2 , and empirical means close to each other, ε 1 → ε 2 (Fig. 2) ,
Under such conditions, Eq. (38) implies that splitting sound events into two categories does not significantly decrease the uncertainty of L Aeq,T approximation:σ L ≈ σ L . Conversely, if the categories are clearly separated, ε 2 > ε 1 or ε 2 < ε 1 , and their variances σ 2 ε1 and σ 2 ε2 are small (Fig. 3) :
then splitting noise events into two categories decreases the uncertainty of L Aeq,T approximation,σ L < σ L . Now we reject the assumptions of there being the same number of sound events within the time interval T , Q 1 = Q 2 = Q/2, and the same number of measurements, q 1 = q 2 = q/2. So the ratios
express the probabilities that a sound event belongs to the first and the second category, respectively. Here Q = Q 1 + Q 2 equals the total number of noise events and q = q 1 + q 2 denotes the total number of L AE measurements. Accordingly, for two categories the uncertainty of L Aeq,T ≈ L Aeq,T (Eqs. (3), (20)) estimation can be found from (Eq. (26)),
Note that identical probabilities, p = 1/2 and 1 − p = 1/2 (e.g. the same numbers of take offs and landings) modify the above expression to the form given by Eq. (27). In order to prove that sound event grouping decreases uncertainty, σ L /σ L > 1, for any probability, 
Ultimately, combination of formulae (42) and (45) yields the ratio,
The function of the probability, 0 < p < 1 (Eq. (43)),
has a maximum at p = σ ε2 σ ε1 + σ ε2 .
The corresponding maximum of σ 
Consequently, for two categories of noise events the minimal uncertainty equals,
Here σ L (Eq. (1)) represents the uncertainty of estimation, L Aeq,T ≈ L Aeq,T (Eqs. (3), (10)), for noise events belonging to a single category.
